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añ× ñ× ∈ C
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Ã( m̃− )×( deg(h)− )

√
m

− Ã
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Ã Añ×pk̃−
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Ã ãα, ãβ A aα,aβ

c i Ni c = ãα ⊕−ãβ
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∣∣ =
∣∣ ∑ñ
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ñ

=
∣∣ ∑p−

i= Nie
j π

p i
∣∣

ñ
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δi |δi | ≥ |δi | ≥ · · · ≥ |δik | S

∣∣〈r,ai 〉
∣∣ =

∣∣〈
k∑

j=

δijaij ,ai

〉∣∣ ≥ |δi |〈ai ,ai 〉 −
k∑

j=

|δij ||〈aij ,ai 〉|

A

∣∣〈r,ai 〉
∣∣ > |δi |−

k −

k∑

j=

|δij | ≥ |δi |−
k −
k − |δi | =

k

k − |δi |

l /∈ S

∣∣〈r,al〉
∣∣ =

∣∣
k∑

j=

δij 〈aij ,al〉
∣∣ <

k −

k∑

j=

|δij | ≤
k

k − |δi |

∣∣〈r,al〉
∣∣ <

k

k − |δi | <
∣∣〈r,ai 〉

∣∣

aij ai

sn×

A rm×

m − m



a A

a(j) A j a(j) A

{a( ),a( ), . . . ,a(µ)} j 〈a(j), r〉 A

µ|m a

µ(m − ) µm r

a r

〈r,a(j)〉 =
(
r !m a

)∣∣
j

m !m

a r af rf

IDFT{rf $ af} =
[(

r !m a
)∣∣ , . . . ,

(
r !m a

)∣∣
m−

]

rf vm× $ um× ! [v u , . . . , vmum]T

m µ

µ µ a

µ r m a µ

µ%log µ& µ

m − µ + µ%log µ&

A



0 5 10 15 20 25 30
0

0.2

0.4

0.6

0.8

1

k

Re
co

ve
ry

 P
er

ce
nt

ag
e

 

 

OOC
Devore
bRND63
bRND64

k SNRrec. ≥ dB

× × × ×

λ

× ( , , )

×



0 5 10 15 20 25 30
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

k

R
ec

ov
er

y 
Pe

rc
en

ta
ge

 

 
BCH
Rnd64
Devore
Ternary
Rnd49

k SNRrec. ≥ dB

× × ×

× ×

× ×

SNRrec ≥ dB

k

×

× ×

× ×

SNRrec. ≥ dB

× ×



20 30 40 50 60 70 80 90 100
0

10

20

30

40

50

60

70

80

90

100

Input SNR (dB)

O
ut

pu
t S

NR
 (d

B)

 

 

BCH
Rnd64
Devore
Ternary
Rnd49

×

× × × ×

p = , (p − ) × p

p = p =

× ×

×

× ×



5 10 15 20 25 30 35 40 45 50
0

0.2

0.4

0.6

0.8

1

k (Sparsity Order)

R
ec

ov
er

y
P

er
ce

n
ta

g
e

 

 

BCH

Rnd DFT

Complex Rnd

Chirp

SNRrec. ≥ dB

× p =

×

× ×

×

k =



0 20 40 60 80 100
0

20

40

60

80

100

Input SNR (dB)

R
ec

o
n
st

ru
ct

io
n

S
N

R
(d

B
)

 

 

BCH

Rnd DFT

Complex Rnd

Chirp

× p =

150 160 170 180 190 200
18

20

22

24

26

28

30

32

34

k (Sparsity Order)

R
ec

o
n
st

ru
ct

io
n

S
N

R
(d

B
)

 

 

BCH

Rnd DFT

Complex Rnd

Chirp

× p =



5 10 15 20 25 30
0

0.2

0.4

0.6

0.8

1

k (Sparsity Order)

R
ec

ov
er

y
P

er
ce

n
ta

g
e

 

 
Rnd DFT

Complex Rnd

Binary-Mixed

Chirp

Kronecker-Mixed

SNRrec. ≥ dB

× × × × ×

5 10 15 20 25 30 35 40 45
0

0.5

1

1.5

2

2.5

k (Sparsity Order)

E
la

p
se

d
T

im
e

(s
ec

o
n
d
s)

 

 

Rnd
BCH

× ×

p =


